We describe a rare case with a cavernous sinus (CS) dural arteriovenous fistula (DAVF) in which the clinical symptoms disappeared after the patient underwent reopening of an occluded inferior petrosal sinus (IPS). A 66-year-old woman presented with increased intraocular pressure, chemosis, and proptosis on the left side. Angiography demonstrated a left CS DAVF supplied by the dural branches of bilateral internal carotid arteries. The shunt flow was directed to the superior and inferior ophthalmic veins, while the bilateral IPSs were not opacified. Accordingly, a transvenous embolization of the fistula was attempted. Although the microcatheter was navigated to the cavernous sinus through the occluded left IPS, obliteration of the fistula was unsuccessful because of the failure of superselective catheterization at the fistulous point.
Summary
We describe a rare case with a cavernous sinus (CS) dural arteriovenous fistula (DAVF) in which the clinical symptoms disappeared after the patient underwent reopening of an occluded inferior petrosal sinus (IPS) . A 66-year-old woman presented with increased intraocular pressure, chemosis, and proptosis on the left side. Angiography demonstrated a left CS DAVF supplied by the dural branches of bilateral internal carotid arteries. The shunt flow was directed to the superior and inferior ophthalmic veins, while the bilateral IPSs were not opacified. Accordingly, a transvenous embolization of the fistula was attempted. Although the microcatheter was navigated to the cavernous sinus through the occluded left IPS, obliteration of the fistula was unsuccessful because of the failure of superselective catheterization at the fistulous point. However, the final image demonstrated the development of an antegrade shunt flow through the left IPS to the internal jugular vein and disappearance of the retrograde reflux to the superior and inferior ophthalmic veins.
The patient's clinical symptoms immediately resolved after the operation, and the symptoms have not recurred during a one-year follow-up period. Inappropriate transvenous embolization of CS DAVFs can result in vascular complications arising from the unintentional redistribution of shunt flow. The present case illustrates that the disappearance of retrograde shunt flow to the ophthalmic veins after reopening of the occluded IPS may be sufficient if a superselective approach fails or is anticipated to result only in an incomplete embolization of the fistulous point.
Introduction
Endovascular treatment has become the mainstay of treatment for cavernous sinus (CS) dural arteriovenous fistulas (DAVFs) 1, 2, 3, 4 . Technical advances and the development of devices, including microcatheters and microguidewires, has enabled the affected cavernous sinus to be approached through the inferior petrosal sinus (IPS) even when the IPS is not angiographically opacified 1,5,6 . However, inappropriate embolization of the cavernous sinus sometimes causes severe complications 7,8,9 . We describe the rare case of a patient with a CS DAVF in whom clinical symptoms rapidly disappeared after recanalization of the occluded IPS, despite failed obliteration of the fistulous point. cal examination revealed a left eye intraocular pressure of 24 mmHg. The patient was transferred to our institution for further evaluation and treatment. Digital subtraction cerebral angiography revealed a CS DAVF ( Figure 1 ). The dural branches of bilateral internal carotid arteries (ICAs) were connected to the left cavernous sinus. A retrograde shunt with engorged left superior and inferior ophthalmic veins was also
Case Report
A 66-year-old woman had noted left diplopia for one year and a subsequent left pulsatile tinnitus for six months although a definite diagnosis had not been made. Severe proptosis and chemosis developed after the spontaneous resolution of the diplopia and tinnitus, and the patient visited a nearby hospital. Ophthalmologi- However, when thrombosis in the IPS progresses, the shunt flow directly affects the ophthalmic veins, promoting progressive thrombosis in these vessels and resulting in devastating ophthalmological sequelae 11, 12 .
In the present case, the clinical symptoms changed during the clinical course prior to admission. The disappearance of the tinnitus and diplopia and the emergence of ocular symptoms were thought to indicate thrombosis of the left IPS and a subsequent change in the direction of the shunt flow to the superior and inferior ophthalmic veins.
In the present case, the internal carotid angiography performed after the penetration of the occluded IPS revealed the disappearance of the anterior drainage. Although we attempted to achieve a complete angiographic obliteration of the DAVF, we were unable to navigate the microcatheter to the fistulous point. In the present case, the anatomical compartmentalization of the CS might have been the main reason for failure of the superselective catheterization to the fistulous point through the IPS, as previous reports have mentioned similar cases 13, 14 . Transvenous embolization through the superior ophthalmic vein is an alternative treatment option in cases where superselective embolization through the IPS is unsuccessful 15, 16, 17 . However, such treatment was not feasible in the present case because the superior ophthalmic vein was not angiographically visible after the reopening of the IPS.
Since the incomplete transvenous embolization of a CS DAVF can result in life-threatening vascular complications because of the redistribution of the shunt flow, including cerebellar haemorrhage and venous infarction 7, 8, 9 , we ended the procedure once the retrograde drainage had disappeared. As a result, the clinical symptoms resolved immediately after the treatment. Thus, the resolution of the clinical symptom in the present case was highly likely to be the result of the redirection of the shunt flow from retrograde (anterior) drainage to antegrade (posterior) drainage.
Several authors have described cases with CS DAVFs in which the IPS was angiographically occluded 1, 5, 6, 18 . In most of these cases, the navigation of the microcatheter through the occluded IPS to the cavernous sinus could be achieved. However, no previous report has described the disappearance of the reflux to the superior and inferior ophthalmic veins and the immediate resolution of ocular symptoms after visible. However, neither the right or left IPS was opacified. Transvenous embolization of the cavernous sinus, including tight packing of the fistulous point, was attempted through the occluded left IPS while the patient was under general anaesthesia. A 4F diagnostic catheter with a continuous flush of heparin was placed successively in the left and right ICAs to demonstrate the target angioarchitecture. A 6F guiding catheter was then advanced transvenously via the internal jugular vein and was placed at the jugular bulb. Based on the phlebogram of the left jugular bulb, a guidewire was inserted into the entry of the IPS, and a 4F catheter and the 6F guiding catheter were gently advanced into the proximal IPS for increased stability. The 4F catheter was then further advanced superiorly toward the left cavernous sinus. Inside the 4F catheter, a microcatheter was navigated to the cavernous sinus. The initial injection of the contrast agent from the microcatheter revealed both the antegrade flow to the left IPS and the retrograde reflux to the left superior and inferior ophthalmic veins (Figure 2 ). Based on the angioarchitecture obtained during right and left internal carotid angiography, we attempted to navigate the microcatheter to the fistulous point. However, all attempts to occlude the fistula point had been unsuccessful. Nevertheless, the volume of the retrograde shunt had diminished during the procedure. The final angiogram showed the antegrade flow of the shunt mainly to the left IPS, although retrograde shunt flow to the superior and inferior ophthalmic veins was not observed (Figure 3 ). Anticoagulants were not administered after the endovascular treatment because the efficacy of anticoagulants for preserving the venous outflow remains unknown. A clinical cure was confirmed on the following day. The ocular pressure had normalized to 13 mmHg on the third postoperative day. Magnetic resonance imaging examination performed 15 days after the operation showed resolution of the exophthalmos. No recurrences of the symptoms had occurred at one-year followup examination, although the patient declined further examination, including angiography and magnetic resonance imaging.
Discussion
Most CS DAVFs behave benignly, with a low possibility of the development of cortical venous reflux during the follow-up period 10, 11 . egorized as having a late restrictive type of CS DAVF, which exhibits only a few arterial feeders with a sluggish retrograde venous flow. This type of DAVF seems to be the most serious type of the disease or the final stage of progression if the fistula is left untreated. Therefore, an increase in shunt flow was unlikely in the present case. However, whether the mechanically reopened IPS will maintain its patency remains uncertain. Long-term follow-up examinations should be mandatory since the IPS that was reopened endovascularly might once again become occluded during the natural clinical course of the disease.
Conclusion
We have described a rare case of CS DAVF with occluded IPS in which the clinical symptoms were immediately resolved after reopening of the IPS.
Inappropriate packing of the cavernous sinus may be hazardous.
The present case shows that the endovascular redistribution of shunt flow can alleviate the clinical symptoms even if occlusion of the shunt point is unsuccessful.
reopening of the occluded IPS 1, 5, 6 . In contrast, the correction of venous hypertension by endovascular angioplasty and stent placement for occluded sinuses is known to result in a quick clinical recovery in cases of DAVF involving the transverse and sigmoid sinuses 19, 20, 21 .
In our case, the fact that the preoperative shunt flow though the AVF was relatively small might have been an important factor. Indeed, the shunt flow towards the superior and inferior ophthalmic veins disappeared once the occluded IPS was reopened and an antegrade shunt flow was obtained. If the shunt flow had been higher in the present case, reopening of the occluded IPS and development of the antegrade drainage route might not have been sufficient to fully eliminate the retrograde shunt flow to the antegrade route.
Recently, radiosurgery has become a feasible, effective and safe treatment option for CS DAVFs, especially for elderly patients with low-flow types or in cases where endovascular treatment has failed 22,23 . In the present case, radiosurgery could have been another option if the clinical symptoms had not improved after the endovascular treatment.
Based on the angiographic classification proposed by Sue et al. 12 , the present case was cat-ment of dural arteriovenous fistulas involving the transverse and/or sigmoid sinus: functional and neuroimaging-based outcome in 10 
